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PURPOSE: The purposes of the tests conducted on the flipght and trim controls
were:

l. To determine the behavior of the flight and trim control systems
under static proof loads and to observe deflections in the system
for proof of conformance to the rigidity requirements of U.3.A.F.
Spec. R1803-7B,

2. To perform operational tests of the flight and trim controi.
systems to check their conformance to friction requirements as set
forth in U.S.A.F. Spee. R18165-B,

3. To observe the structural behavior, alignment, clearances, etc., of
the component parts of the control system while in operation under
load.

i. To establish the method and forces required to engage the surface
control locks, and to observe the uniformity of operation of the
complete control locking system. Also to observe the rigidity and
structural integrity of the system in general, when a limit design
handle force of 50 lbs. was applied.

i,SUHMARY AND a. In general, all tests were conducted using the same test setups and
CONCLUSIONS: equipment as used on the C~1198 flight and trim controls tests.

Ref. (c). Operaticnal tasts of the aileron, rudder, elevator, and
elevator trim tab control systems were conducted by applying dead
weight to achieve the limit surface hinge moments and balancing
cockpit control loads in 20% increments up to full test load. After
applying each balanced increment of load, the control was operated
using a spring scale to measure the additional force reguired to
move the control through neutral in both directions. Thds was done
to determine the system friction which was taken as the average

of the added force in boih directions.

4

b, Operational tests of the electrically actuated aileron and rudder
trim tabs were conducted under load, applied to the tabs in 2U%
increments, up to the proof load. Data on voltage and current
required by the actuator motor to operate the loaded tadbs were taken
to determine the power input to the systems and overating times.

c. Proof tests of the entire control systems were performed by first
vlacing the control system under test in the most eritical defleced
position and then loading both the surfaces an:d the control units
by dead welght computed ™ from the geometry of the system to be in
balance, In this manner the entire system was most effectively
loaded under the full ppoof load. The controsl unit was returned
to a fixed reference position at each loading position and the

. deflections of the surfaces determined. Proof tests of surface or

control stops, brake pedals and other detail portions of the system

were conducted by placing the control or surface in the reguired
attutide and applying dead weight loads to them in 20% increments.

.
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d. Rigging loads were maintained as closely as practicable to the
values as specified in R107=-02L "Rizging Specifications, XC-120."
Cable tension readings were recorded before and after each proof
and deflection test. Cable tensions were in general, near the high
end of the range of tolerance before test, and near the middle or
low end of the range after test. MNo cahle tensions changed
sufficiently during test to require re-rigging to reasonably meet
minimm specification conditions.

e. The proof and operation tests of the flight and trim controls of the
XC-120 airplane, as reported herein, indicate that the control
systems are satisfactory from a strength, rigidity and operational
standpoint. The friction forces rejnired to operate the orimary
flight controls were, at the time of test, in excess of the allowance
set forth in U.S.A.F. Spec. R181%8, "Flying Sualities of Piloted
Airplanes." These higher friction forces are due to the facts that:

1. The tests were conducted immediately after completion of
installation and rigring of the controls and prior to any
repeated operation which would "run in" the controls and reduce
the friction. ’

2. The subject airplane has an unusual configuration, emoloying a
dual set of controls aml using a larger mumber of pulleys and
fairleads than usually employed in a conventional airplane., The
relatively large number of pulleys and f airleads is necessary
because of the necessity of routing the cables through crew
nacelle, wings and booms to transmit the necessary forces from
the pilot's and copllot's controls to the surface.

A complete summary of the procedure for and results of each test is
given in the following Table I.
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During these tests (Dec. 19, 1949 to May 2, 1950) the airplane
was in the factory in a nearly completed state. Before testing
each system, the system was checked and certified correct by the
Fairchild Inspection Dept., as to installation, adjustment and
rigging tensions, in confdrmance with Ref. (4).

On this aircraft, ailerons, rudders, elevator, elevator trim tab,
and the control locks are cable opsrated while the aileron and rudder
trim tabs are electrically actuated.

The primary control surfaces of this airplane are actuated by
duplicate control systems with interconnects provided at several
locations, between the pilot's and copilot's control systems. All
primary flight controls have an intercomnection between the pilot
and copilot's system at the rear spar by means of cables and sectors,
and the automatic pilot is connected to the control system at this
point. The operation of the various control systems is as follows:

a. Ailerons -~ A wheel control on the control column transmits
load through a chain and sprocket to cables, which in turn
tranamit load to ssectors at the rear spar. Cables from these
gsectors carry the load to bellcranks and push-pull tubes that
operate the inboard and outboard ailerons. The pilot's system
is interconnected with that of the copilot at the rear spar and
at the control columnsj in both cases the interconnection is by
cables (Fig. 1 and 2, Dwg. 107-720111).

bs. Rudders « The rudder contro& system consists of conventional
pedal hangers which actuate a walking beam forward of the
pedals through a system of horns and links. (3ee Fig. % and 10
or Dwg. 107-720109). When rotated, the sector end of the
walking beam transmits load to a cable which in turn transmits
the load to a sector at the rear spar, This sector transmits
the load to another cable which carries it to a sector in the
tail cone where the load is transferred to the surface by a horn
and torgue tube,

The pilo*'s and copllot's systems are interconnected by cables
at the rear spar and also in the stabilizer. There is no
interconnection at the copilot's and pilot's station,

c. Elevator = The control column is connectad by a push=pull tube
to a sector whose plane is pernendicular to that of the control
columh, Fore and aft motion of the control column causes
rotation of the sector in the nlane of the cable system. (See
Fiz. 20 and 21 or Dwg. 107-720110) The sector transmits the
load to a cable which transmits the load to another sector at
the rear spar. Here another cable carries tre load to a sector
in the tail cone which actuates a push-pull tube thereby J4;
transmitting the force to the elevator horn.
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Rudder Trim Tab - There is an electrically actuated tab on sach

The pilot's and copilot's systems are interconnected at the
rear spar and also in the stabilizer by cables. In addition
the control columns are interconnected by a torgue tube,

Elevator Trim Tab - This tab is manually operated from a control
unit on the cockpit pedestal, Load ig carried by a cable

system to a drum and screw type actuator mounted in the
stabilizer and elevator and thence to the trim tab horn by a
push-pull rod (Fig. 30 and 3%).

Aileron Trim Tab -~ This is an electrically actuated tab controller
from a switch on the cockpit pedestal. The actuating motor is

in the right inboard aileron and operates the one tab, which
is on the right inboard aileron only, by a push pull tube
connected to the tab horn, Ses Figs. 30 and 31.

rudder with the actuating motors mounted in the rudder forward
of the tab hinge 1line. The motor operates the tabs through a
push pull tube connected to the tab horn. The electrical
actuators are synchronized to each other being self-centering
on neutral. See Figs. 30 and 33.

Elevator Spring Tab - The elevator spring tab controls are

a self contained system, installed and operating entirely in the
elevator. When the pilot operates the control column, the
spring and push pull rods of the system are actuated and cause
the tab surface to move, thus automatically assisting the
operation of the elevator surfaces. See Migs. 36 and 37.

Control Lock System -~ The surface lock system is operated by

a handle on the pilot's pedestal. Pulling on the handle imposes
a toryue on a pulley connected to the handle. This »ulley
transmits the tor-ue to a canle connected to a differential
pulley, which in turn transmits it to & set of pulleys at the
rear spar (See Figs. Ll and 2) These pulleys transmit the
force to a set of take-off pulleys in each engine nacelle at the
rear gspar, where the foroe is transmitted cach to a differential
pulley at the stabilizer and out to the ailerons. The force
transmitted to the ailerons locks the ailerons by means of
locking cams located at the inboard aileron surface, while the
force transmitted to the statilizer actuvates a differential
vulley having two cams as intergral parts of the pulley. As
these two cams rotate toward closed position, they limit the
motion of elevator and rudder sectors and consequently the
motion of the reprective surfaces. This permits the engazement
of the "free motion soring tab lock cans" located at each end of
the elevator surface and at each rudder horn spring tab mechanisﬂ.
These "free motion lock cams" have retarded motion in relation tg
the main locking cams which actuate item, therety permitting the
entrance of tne free motion cams within their mating jaws.

—RESTRICTED-
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Aileron Control System (See Fig. 1 and 2)

DATE.T/24/59 ..

These jaws are an integral part of the surface so that when the
"free motion" cams are mated the zurface is locked and no surface
loads can enter the system to sirain it.

Spring retraction safety mechanisms are part of the control lock
system. These mechanisms are mounted in tandem close to the
nain locking cams at the extremeties of each system, and each
tfree motion lock cam" is equipred with a torsion snring on the
hube. These retraction mechanisms kold all lock cams in open
position during flight, thereby, eliminating the possibility of
surfaces locking in flight. In addition they serve as an aid in
opening the cams during normal operation.

Dumny ailerons (T78=713 and T73-714) were installed on both wings
in place of the regular ailerons. This was done bacause it would be
aifficult to produce the necessary hinge moment with dead weight
loads without damaging the regular surfaces. The dummy ailerons,
made from steel channel, were easier to load and more convenlent to
ugse., The aileron control system was tested in the following critical
conditions. (Photo 18160 and 13162).

a.

Test A-1 ~ Proof and Daflection of System.

This test was conducted to prove conformance with Spec. R1803=-7B,
D3 (Ref. (a)) which requires that the deflection at any aileron
shall not exceed 10° when the system is loaded to 70£ of limit
load (70% two pilot max. effort.) It also constituted a proof
test of the aileron control system under mximum flight airloads
in which the ailerons were fully deflected at 212 MPH, 1G load
factor, pack off, left aileron down about 12°, right aileron up
about 25i°. The maximum test loads applied to the ailerons

(Pz. 16, Ref. (c)) were:

Surface L. Outboard 1. Inbaard K. Inboard R. Outbd.

Hinge Moment 2880 in. 1lb. 5580 in.1b. 5980 in.1b. 3360 4in.1
Direction of

L4

iwed Down pown Up Up

The above loads were macted by the followin- loads on the rim of
the dummy control wheels (equiv. diameter as actuval diameter.)

Pilot's wheel = 115 lbs. (single rim loat)
Copiloi's wheel = 150 les. (single rim load)

Tne ailerons wers nlaced in the "left bank" attitude (corresnond-
ing to thes above loading) with the copilot wheel acproximately

5° from the left stop to prevent the stoc from taking any load.
The copilot wheel was returned to this same position at each
increment of load and the relative deflection »f each of the foun

surfaces and the rilot's wheel was recorded. 7This data is nlottef

on Figs. 3 and L res;ectively.

J‘if“g‘:‘j“"le;( i EI )
Y ==t
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The systems meet the regnirements of Spec. R1803~7B, D3 in that
the maximum deflection is less than 10 degrees at 70% of maximum
double ovilot effort (9.75° - See Fig. 3).

The rigging loads before and after test were as follows:

Cable Before Test After lest Rigging Sggg
Pilot's fuselage 122 123 135 + 10%
Copilot's fuselage 122 113 135 + 10%
Left Aileron cable 127 124 135 + 10%
Right Aileron cable 123 126 135 + 10%

Test A~2 - Test of Control ®heel Stops.

The object of this test was to desonstrate the ability cof the
wheel stops to withstand 100% pilot effort on the control wheel.
The system was ripgped to permit the nilot's wheel to hit the stop
before the copilot's wheel touched the stop, This condition was
maintained throughout the test. 100% pilot effort (160# single
rim force) was avplied in increments, and angular deflection of
the pilot's wheel was recorded. This data is plotted on Fig. 5.
No anpreciable perianent set occurred after removal of load
(+10° at 20% after 100%). The test 1imit load was supported
without noticeable distortion of any part.

ca

Test A~3 - Operation Test.

This was an operation test of the entire aileron system, with
all cables hocked up, for the purpose of detarmining friction
losses and observing the operation of the system under load. The
system was operated back and forth at increments of load up to
S50% of double vilot effort. The cables had been rigged to the
rigging spec. requirements prior to the test. The max. single
rim Joad apnlied to each control wheel simultanedusly was 80 1bs)
(See Photo 18158) The corresponding load on the aileron surfaces
was as follows:

Surface L. Outbd. I. Inbd, R. Outbd. L. Inbd,

dinse Homent ("4) 1,22 2380 1720 3530
Jirection of Load Uown Down Up Up

At each loau incresent, which was in balance‘throughout the
system, the force (friction) rezuired to move the controls back
and forth through the neutral position was measursd. These
friction forces, rorrecte?! for friction losses in the test
loadin: fixtures, are olotted on rfi;. 6. (iote ~ the stabilizind
springs in the outer wings were disconnected.)

) e
Y
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The friction losses in the test loading fixtures are plotted
on Fig. 7. The friction of the three pulley cockpit loading
fixture was used directly, the friction of the cable over a
gingle culley (90° wrap) was used after correcting for the number]
of pulleys so nsed and the mechanical advantage of the system.
(The 90° wraps were used on the surface end of the system).

The friction was found to be from 10 to 1A.3 lbs. when the surfacL
moved through neutral with corresponding loacds of zero to 50%
double pilot effort. The comparable forces on the C=119B airplane'
were 9.5 to 15.5 lbs. It may be expected that the friction force|
will decrease somewhat as the system is worn in,

Test A=l -~ Proof Test of a Partially Shot Out System.

This test was a proof load test of a partially bpoken system to
prove conformance to the revuirements of Par. D-3a (2) of Spec.
R1803=7B which requires that, with one system inoperative, the
remaining system bs capable of carrying 75%¢ of the load normally
carried by the complete control system. This test also demonstr
the ability of the control surface locks to withstand 150% max.
single nilot effort. f

The pilot's fuselage cables were disconnected and the control
surface locks were engaged. Since the control surface lock
gystem was not connected at the time of the test, it was
necesgary to mamially engage these locks and sscure them with
safety wire,

The max. loads applied (simultaneously) were:

Pilot's wheel 1504 rim force (single force)
Copilot's wheel 30# rim force (single force)

The load was applied in increments and following each increment
the angular deflections of Loth control wheels wers recorded.
This data is plotted on Fig., 8. The deflaction of both inboard
aileron surfaces was also checked at each increment as a meana
of judging lock derlection., The maximum angular deflection
recorded was .3° at 100% load.

The deflection of the entire system (with pilot's fuselage cabled
disconnected) resulted in 32° rotation of the nilot's wheel and
61° rotation of the cooilot's wheel. This amountad to 55% and
L1% respectively of the total available angular travel of the
control wheels. (150° available.)

es
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The permanent set recorded at 20% aft-r 100% was as follows:

Pilot's wheel 5° ' These sets reoresent only 3% of the
Copilot's wheael SQJ total wheal travel in either direction.

Cable tensions before and after this test

were as follovs:

Cable Before Test After Test Spec. Req'd
Pilot's Disconnected 135 + 10%
Copilot's 131 117 135 + 10%
Left Ailercn 122 126 135 + 10%
Right Aileron 1L2 127 135 + 10%

2. Rudder Control System (See Figs. 9 and 10)

Prior to the tests on the rudder control system, the relationship
between rudder movement, spriag tubs movement, and rudder hinge
moment was determined (3ee Fig. 12) This was done with the rudder
surface locks free and the rudder tail cone, quadrant locked., In
all tests, loads were apnlied to the rudder and rudder pedals in the

manner shown on Photos 18051, 18052 and 18055.

a. Test R=1 - Operation Test.

This was an operation test of the entire rudder control system,
3 with all cables hooked up, for the vurncse of determining
friztion losszs and observing the operation of the system under
load. The system was operated back and forth at increments of
load up to 504 of double pilot effort. The cables had been
rigzed to the rigging spec. requirsments nrior to test. Maximum

test loads were:  (Pg. 29, Ref. (c))

1430 in. 1lb. moment applied to the left on each rudder.
150 1b. applied forward on each right hand pedal,

At each load increment, which was in balance throughout the
sygten, the force (friction} reguired to move the controls back
and forth through the neutral vosition was measured. These
fricticn ferces, corracted for friction lossss in the test

loadin>: fixtures are slotted on Fiz. 11,

Friction losses on the first C~1198 airoslane at the time of firs{
tests wer2: 31# at zero load and 47# at 505 double pilot effort
These values were redica] somewhat by refinements made during
final cleanup so that tne zero load friztion on this airplane was
reduced to 2L.S# several davs after the first tests. Similar

rediictions can vrobably Le made on the XT=

120 ru-dder controls,

but it is doubtful that the 164 asmecification linit can be met

on 2 loaded srsten,

s Y EL}
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Test =2 - Proof and Deflection Test of System.

In this test the entire cable system was hooked up and rigged to
specification rejuirements. The object of the test was to
deterinine the deflection of the complete system at a surface
load which nroduced 70% of douole pilot effort (L2O#) avrlied
equally distributed at pilot's and conilot's ovedals. The max.
test loais were: (Pz. 29, def, (c))

2350 in. 1b. moment ap--lied to the left on each rudder.
210 1h, applied forward on each richt hand pedal.

The rudder pedals were nlaced in the full forward length
adjustment, which was critical. Thz rudders were placed just
far enou;n to the right of neutral under no load so that they
would not hit the left rhand stopsz unler 11 load. The snring
tab controls were not blocked, therefore, the initial deflection
of the rudder resnlted from the soring tab zontrol arrangement.
The copilot's richt hand pedal was returned to a fixed nosition
at each increment of load and the deflection of the rudders and
the nilot's nedal were maasured. Tre nilot's nedal deflection
relative to a fixed conilot's pedal was rot large enough to be
accurately measured. The surface deflections, which are
indicative of deflection of the entire rndder control system,
are plotted an Fis, 13. Fig. 12 is a plot determinins that
nortion of the rutder deflection which results from deflection
of the soring tab controls. The rudder deflections, relative
to a fixed horn were 5.2° and 6.6° for the left and right hand
spring tab control sysiems resvectively in the position of

ad justment at the time of test. (Note - Specified correct
setting is 7° + 1°) These values must be subtracted from the
overall deflections at 70% 1limit load on Figz. 13 and result in
an average deflection of $.7° for the control aystem exclusive
of tnhe spring tab controls,

Par. D=3 of S=zec. R1803-7B reguires that the deflection at 70%
limnit load be ro more thar 10°. The test value, therefore,
meets the scecification reaquirement.

The permanent set at 20% load after anlring the full test load

was less than conld be aceurately B:asured and is, therefore,
not recorded on Fi-. 13.
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The rigging loads before and after the test were as follows:

[

Cable Refore Test. After Test [HMigging Spec.
Pilot's fuselage 95 85 8s# + 10%
Covilot's fuselage 89 85 i
S=rvo. Intercon. 84 90 n
L.4. Boom 98 95 "

Reri. Boom 98 9k n
Stap. Intercon. 100 105 "

In general, the rigsing loads were slipghtly above the upoer
limit of the specified values orior to the test. Loss of rigging
load in the loaded cables was slipght. The interconnecting cable?,
which were not loa.le? in this tast, showed a slight gain in
tension after the test as cownared to before test. The rigging
tensions in the loaded eablas were sufficiently within the
snecification values as to justify the deflection figures quoted
above,

c. Test R=3 ~ Ground Loal Test of Surface Locks.

j This was a test of the surface locks under ground loading. The
surface locks on one ruidder were locked in nlace and the upper
and lower surfaces loaded in 20% increments up to the following
maximm loads: (P, 219, HKef. (c))

2310 in. 1b. moment to the upver rdder.
1240 in. lu. moment to the lower rudder.

The resultin: surface deflections are plotted on Fig., 1L and
show normal elastic behavior and no permanent set. The test
loads were supoorted without noticeable distortion of any part.

d. Test H~l = Test of hudder Fedal St&p.

This was a test of a typical rudder redal stop to demonstrate
its ability to c<ustain loads due to single pilot effort. The
test was conduciled with the richt pilot's pedal under load and
all nedal and surface stops except that which carries forward
1oad on the leaded nedal were backed out of contact. A load of
300# forward (in 20% ircrements) was anplied to the pedal while
in the forward lenoth adijustment. Angular deflection of the
rudder n=dal hanger, forward deflection at the brake nedal nivot|
and -ieflection of the walkin. heam anl its sunoorts were
recorded. (See Photc 15052).

Fig. 15 = Slows tre deflection of the forward control sector

! TF?T?TE: oeam) ar? its support point under a tension load
applied at the rod attachment point "C" ard reacted at stopn

coint "A". Tie dial gages which recordec these deflections

were mounted on the fixed frarmes of the nose section.
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Fig., 16 = Shows the forward deflection at the base of the
vedal hanzer ant the equivalent averaye rotation of the hanger
in degrees.

The pedal system, uo to and including the stoo structure,
sucported limit load without noticeable nermanent deformation.

Test =5 = brake System Test (Photo 13055)

This was a test of the mechanical vortion of the pilot's brake
system (typical of copilot's) from th= pedal through the master
control cylinders, tc determine the ability of the system to
sustain single pilot limit loads of 3904 applied to the top

tip of both pedals simultaneously and 2t rickt angles to the
pvedal pivot axes. The rudder pedals were locked in neutral and
placed in the tull forward length adjustment which was critical.
One brake cvlinder (a test unit) was filled with o0il and the
ports sealed shut. The level of the oil was so set that the
cylinder wonld deflect 1 1/3" when the p=dal was loaded, and come]
to a solid stop on the head of 0il at that noint. The other
eylinder was left out of the system and replaced with a rigid
steel link. (It was not desired to load the units which would
subsequently be used on the airnlane as the adequacy of the
farner units to sustain loads compatible with a 3004 pedal force
had not been established at the time of test.)

Angular deflection of the brake pedals was read at 20% increment
of the 3094 loads. lour dial gazes, swonorted on fixed structur
of the nose section, .ere made to bear at the lower ends of the
rudder nedal hanzer suonort arms, at rignt angles to the axis of
rotation of the rudder pedal hangers, The deflection data is
plotted on “igs. 17 and 13 which also show that permanent
distortion after zreoof testing was of n~zligible magnitude. The
mechanical portion ¢f the brake system and its supports, sustainéd
limit loads without distress.

Test 1=5 - Proof Test of a Partially Shot Oul System.

Thls t=st was a proof lead test of a vartially broken system to
srove conformance to tne requirements of Par. D=3a (2) of Spec.
1303-73 which requires that, with one system inoperative, the
remaining systen be capable of carrving (5% of the lead normally
carried oyv the complite control system. The maximum loads
applied weres Pe. 29, wef. (c)).

3360 in. lb. moment apglied to the left on the right rudder.
1630 in. lu. momant apolied to the left on the left rudder.
300 1b. anplied forward on the copilo*'s right pedal.

150 1b. applied forvard on the pilot's right pedal.

RESTR.CTED




FAIRCHILD AIRCRAFT DIVISION 7C  PAGES|PAGE 22

REPORT NO. R1(Q7-722 OF_FATHCHILD ENGINE & AIRPLANE OORPORATION
MODRL Al 120 PREPARED BY CHECEED BY APPROVED BY

DATE.. /2150 e
Subject:—..2T00L and Oneration lests of Flight and Trin Controls . | REVISED. .. ...

The rudder pedals were nlaced in the forward length adjustment
and the cidbles in the right hand boom were disconnectel. All
load from the rignt rudder wis, therefore, carried through the
stabilizer interconnect whbere it ijolned with left rudder loads
to be carried throush the left boom ecables into the crew nacelle.
Tre servo interccrnect then carried 2/3 of the load, or single
vilot effori, into the conilot's fuselage cables.

The rmddere were deflected 14° to the right prior to loading and
a corresnoniing Tixed position noted for the copilot's left
pedal. This nosition of the pedal was maintained throughout the
test, while the anpmlar deflectiops of the rudders and the other
vedals were read at 0% incrementa of load, TNerlections of the
radders are plotied on Fir, 19. Deflections of the three vedals
(other than the fixed conilot's left nedal) at fmll test load
were:

Conilot right - 2° forward
Filot right - 3° aft
Pilot left = 3° forward.

The deflection of the entire control system at full proof load,
exclusive of the deflection resulting from the spring tab controlg,
was ejuivalent to 12° at the left rudder and 13.7° at the right
rudder. The cntire system sustained the proof load without
noticeable distress. Paormanent sets averaged only 0.2° of rudder
deflection and are, therefore, not noted on Fig. 19,

3. Elevator Jontrol Svstem (See Fig. 20 and 21)

Frior to conducting these tests, the relationship netween surface
movenent, svring tip movement, and elevator nin_e moment was
establisned (Sec Fig. 22) This was one with the elevator locks

free and the elevator “oom cone :uadrant losked. In all tests, loads
were annlled to the clevator and the contrel columns in the manner
shown on Thotos 13045 and 13047.

a. Tast 1 - Proof and de”lection Test of System.

In this test, the entire cable systen was hooked up and ripgged
to rigring svec., requirements. The purnose of the test was to
determine tre deflection characteristics of the complete svstem
at a 1o1d on the surfhace which oroduced 704 of double nilot
effort (L2v#) anplied equally to the two whesls. Toads applied
ware:

560 in. 1%, mement on elevator surface apnlied downward with
the elevator in neutral trail prior to loading (to balance
control column load.

2104 sft to eacn contrel colurr..

)
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Tne copilot's colnmn was held in fixed position throughont the
test and the' angilar rotation off the elevator and nilot's column
read at 2U% load increments. The pilot's column deflection
relative to the fixed copilot's column was not large enough to b
measuravle. The surface deflection, which is indicative of
deflection throughout the control system is plotted on Fig. 23.
Fig. 22 evaluates that portion of the surface deflection which
results from deflection of the cvring tab controls. The maximum
elevator deflection relative to a fixed horn oroved to be 10°.
This value is subtracted from the overall deflection at 6560 in.
1b. load on Fig. 23 and results in a deflection of 11.0° in the
svstem exclusive of the soring tab.

Par. =3 of Spec., h1403=7B requires that the deflection at 70%
limit load be not more than 10°. The tesi value, therefore,
slightly exceeds the specification limit, Permanent set in termsf
of elevator deflection was 1.5°, indieating some opermanent
elongation in the cable system. The rigging loads before and
after the test were as follows:

Rigging Spec.
1004 + 10%
1004 ¥ 10%
85# + 10%
85# + 10%
85¢ + 10%
854 ¥ 10%

A1l cables were ri:zed on the hich side at the time of test but
the rig;ing tensions dronoed, particularly in the fuselage cabled

as a result of l»sading.

After Test
90

85
96
06
85
99

Before Test

111 -
110
98
96
82
104

Cable

Pilot fuselage
Jonilot fuselage
Servo Intércon
L.H. Boom

X.H. Boom

Stab. Intercon.

Fig. 24 is & ulot of the bending deflection at the tov of the
control column relative to a fixed base at the pivot.

Tegt i~2 = OUperation Test.

ack

In thig test, the control svsiem was onapated and forth
through neutral at zero load and in inecrements of load up to
50¢ of doubk pilot effort anplied in »alance to the control

column (afi) and the elovator (down)., Nax. loads applied wers:

Lb6ET0 in. 1b. moment aprlied to the elevator (to balance control
column load,)
1504 anplied aft on eacn control column.

Al each increment of loa'l, which was in balance throughout the
system, the force (friction) rejuired to move the controls back
ané forth throish the neutral pcesition wae deternined. lhese
friction forces are rnlotted on Fip. 26 and are corrected for
friction losses in the “‘est loading fixtures. The latter are

nlotted on Fis. ¢5. The friction varies fror 14.5# at no load

)
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on the system, to 19.7¢ at 50% of douvle »ilot 1imit load.

Friction losses on the first $=1193 production airplane were 12.3
lbs. at zero lo~d and 1A.5# at 5% double rilot effort when first
tested. These values were somewhat rediced by final cleanup of
interferences after comnletion of the airplane and it is likely
that reductions can be made on the X7=-120 also, However, it is
doubtful that the S# limit ecan be met,

Test Ee3 « Proof Test of a Partially 3hot Out System

This was a proof test of a partially broken system to prove
conformance to the re:-uirements of Par. D=3a (2) of Jpee.
31303~7B which re:juires Lhat, with one system inoperative, the
remaining syster be capahle of carrving 75% of the load normally
carried b the complete control system., The maximum loads applieg
in this test were: (Pz. 27, ier. (c))

7060 in. 1b. moment apvlicd downwari un the elevator (to
balance léad of contrul column.

300F aft acplied at the copllot's column.

1504 aft applied at the vilot's column.

Tie copilot's figelage cables and left hand boom cables were
disconnected so that all load was routed through the right hand
boom zabvles, fuselase, crossover and left hand fuselage cables
to the oilot's column. The tor-ue tube between the two columns
was made to carry tor ue due to single pilot effort.

Deflection in the entire control system in terms of slevator
deflection relative to a fixed cooilot's column is plotted on
Fige 27+ The clevator was placed in the 24° uv position at no
load, The deflection of the entire control system at the
maximm test load was 20°, ex~lusive of the deflection due to fhé
spring tat.  The verminant 32t wis onlv 1°, The ripging loads
before 2nd afier the test weret

Table Before Test After Test  Figgming Svec.

Pilot's fuselage 100 93 100# + 10%
Sarvo Intercon 91 69 85# + 10%
“L.E. Scom 95 33 85# + 10%
stad, Intareon, 90 93 854 + 10%

P+l 1+

The load in the serve intercornsct, which was loaded for the
first time in this test, was the only one which drovped markedly,

Torsional deflection of the connecting tube oetween the two
columns is olotted on Flg. 23, and eqialled about 2 1/4° at
3004 103+,

2
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d. Tast o~ = Tuzt of Control Columr Jlor.

This was a test of a typlca’ control column stop for ability
te sustain sinsle oilet ¢®fort lowds. The fuselage cables on the
onilot's side were left disconrected and the columns moved aft
until the stor at the sector on the pilot's side was contacted.
All other stons, inclwding surface stoos, were backed off ont
of contant. A load of 3404, in incremente, was apnlied aft on
the conilot's column ard reacted on the ston. The resulting
deflections are »lotted on Fiz. ¢ which shows the angnlar
rotation at the base of each colwmn and the linear motion of the
cable immediately aft of the sector al the stop. 7The deflection
vetween Llie base of the vilou's colam ana the sector, which
irclades the push=pull red, was only .J° of column motion at full
nilot effort.

Aileron Trim Tab (See figs. 39 and 31)

This ta» is electrically actuated, and during this test it was
operated wnder 20% incremental loalinecs un to 1009 1limit hinge moment
These loids were anvlied bv means of dead weight.

The mirmose of this test was to demonstrate the structural integrity
of the trim tab onerating mechanism and to determine the onerational
characteristies of its actnating uhit. The tab in question is the
outhoard tab of the inhozrd right han? aileron. The desian limit
hinge moment is 430"# (Ref. (c), Pz. 319) which was apolied on an

8 578" arm, measured when the tah was in neutral.

The aileron surface was locked in neutral by means of the control
lockin: -ystem. Without any hinge moment, the trim tab surface was
operated to both evtremes of travel. Whlle so doing, the current
and time re-uired was recorded. The recording ammeter was nused
throushout the tesgt. Starting with the trie tab in neytral, the
hinpe moment was anplied in 20¥ increments up to 100%/proof load.
Tris loat was acting in a down direction simlgting load on an

noward deflected trim tab, The deflection of the surface under the
inerementil load was recorded.Allowances were made for the deflection
of the aileron surface itself. The trim tah was then actuzted in an
upward direction until motion was halted by the cutoff switches.

The current and tine ror this operation was recorded as was the
deflection caused oy the lead in the fully -leflected upward position.,

ne maximum current re -uired to onerate from neutral to full up
inareased from 1,4 amns at O load to 1.32 at 100% oroof load. The
time varied from 7 seconds at O load to %.5 seconds at 100% proof
load. The dgflection of the fully deflented flan was 1.36° at 100%
proof load. {Sce Fi.. 32). The system operated in a satisfactory
manner throuchout the test an? no vermanent set was recorded.

—CTCTED
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5.

Rudder Trim Tab {(See Figs. 30 and 33)

Like the alleron trim tabs, this trim tab is electrically actuated.
During this test it was loaded, in 20% increments, to full limit
load by means of dead weight. The tab was operated against the load
at each increment.

The purpose of this test was to demonstrate the structural integrity
of the rudder trim tab operating mechanism and to determine the
operational eharacteristics of the actuating unit at loads from O to
1008 proof load. The rudder trim tab is the upper tab located on
the rudder surface. There is one trim tab on each rudder; however,
only one (left hand) was loaded and operated during this test. The
right hand actuator was disconnected from the electric circuit. The
limit design hinge moment as specified by the Structures Section
(Pg. 308, Ref. (c)) is 527"#, which was applied in this test on a

7 3/4" arm, measured when the surface was neutral. With the rudder
control surface locked by use of the locking system, and with the
trim surface in neutral, the tab was deflected to.both extremes of
travel. Starting at neutral and with the hinge moment ar-~lied in
204 increments from O to 100% proof load {the load operated to the
left with respect to the airplane) the trim tab was operated to the
right, to the full extrems of travel. The defle€tion of the trim
tab with respect to the rudder was recorded both in neutral position
and the fully deflected position. The current and time to operate
from neutral to fully deflected was rscorded.

The current required to operate the surface from neutral to fully
deflected varied from 1.56 amps at O load to 1.85 at 100% proof
load. The time varied from 7.5 seconds to 9.9 seconds respectively.
The deflection of the rudder trim surface at 100% proof load was .9°
and .7° in the neutral and fully deflected positions respectively.
(See Fig. 3L) The rudder trim tab actuating system operated in a
satisfactory manner throughout the test. No permanent set of the
trim tab surface was produced.

Flevdtor Tab Controls (See Figs. 30, 35, 36, and 37)

a. Test T-1 - Proof and Deflection Test of Elevator Spring Tab
: Controlis.

The nurpose of this test was to demonstrate the structural
integrity of the spring tab operating mechanism under limit load
of 72u"# (Pg. 256, Ref. (c)) about the tab hinse line and to
measure the deflection of the tab control mechanism in terms of
deflection of the tab,

By locking the elevator control surface at the leading edge and
pulling on the elevator control horn by means of the elevator
control system, the suring cartridge was fully evrtended and the
spring tab actuated to its full up position. The elevator
surface an* the elevator ccntrol horn were held in tris fixed

nogition g0 that there would ba nzs meotion of the ony--lnn-
o

oL vl SO

cartridze except Ly 6ef1ect10n in the tab contrnl ‘1nkage.
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; Dend weight load was applied to the tab and its position

away from the no load position recorded. The deflection so
recorded is the accumlated deflection in the tab control system
between the elevator horns and the tab.

The tab deflection relatie to the elevator is plotted in Fig. 38
Maximun deflection at 100% 1imit load was L.9°. After several
operations of the tab at mero lond after 100% load, a sscond
reading at 20% load showed that no permanent set had occurred in
the system. No signs of distress were noted during the test.

b. Test P=2 = Proof Test of Elevator Trim Tab Control Forward Stop.

The purpose of this test was to demonstrate the structural
integrity of the trim tab control wheel, the wheel interconmecting
torque tube, and the wheel stop mechanism under a limit load of
75 1b. (Pg. 235, kef. {c)) applied tangentially to the rim of
the copiloi's elevator trim tab control wheel.

Load was applied with a spring scale in a nose down, tab up,
direction to a cotton strap wrapped around the copilot's tab
control wheel. This load was carried through the interconnectiné
shaft to the pilot's tab control wheel and was reacted at the
stop on the pilot's control wheel rim. The angular deflectlon
of the copilot wheel was recorded and is plotted in Fig. 39.
Maximum deflection at 100% limit load was 8.93° with no permanenty
set recorded. Inspection of the system revealed no failures or
other gigns of distreas.

c. Test T~3 - Friction and Operation Test of Elevator Trim Tab
Control System.

The purpose of this test was to measure the operating forces of
and the efficiency of the elevator trim tab control system. It
was also desired to observe the entire tab control system when
operating under load for evidence of binding, yielding, sagging
cables, or other malfunction due tc deflection. Limit load
aoplied to the tab was 822 in. 1lbs. (Pg. 235, Réf. (c)).

The elevator trim tab was moved to the full up tab (nose down)
position and the tab control wheel then returned 1/2 turn in the
nose up position. Dead weight load was applied in increments

to the tab in a down direction to give the required hinge moment.d
The ¢opilot's tab control wheel was then moved, in a nose down
direction, by means of webbing and a spring scale. This test wag
repeated with tre tab being moved through the tab neutral
position, moving uvp against the same loads used in the first tes&.

Since the operating forces were slightly hicher with the tab
neutral, this jata is presented in Fig. LO, which also shows
a zra~h of tleoretical frictionless operating force. The ratio
between the two curves is the total efficiency of the system.

i TR Y E“r —
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An inspection of the system after test disclosed no points of
failure or signs of distress.

Control Lock System

The purpose of this test was to determine the method and forces
required to engape the surface control locks. It was also the
purpose of this test to obgerve the structural integrity of the
gystem when a limit design handle force of 50 lbs. was applisd.

Prior to the test, the control lock gystem had been thoroughly
checked out and certified correct by the Ingpection Dept. in
accordance with Ref. (d). The control rigging was checked by the
Test Laboratory and found to be within rigpging specifications
axcept as noted.

System Cable Tension Cable Tenslon as

Rigping Spec, Measured at Start
Pg. B-6, Ref. (d). of Test (Lbs.)

Pedestal 65# + 10f 65

Fuselage 65# + 10f 68

Fuse. Interconnect85# + 10f 88

L. Fuse. to Boom u 98*

R. Fuse. to Boom " 82

Left Wing " 85

Right Wing " 85

Left Boom " 87

Right Boom " 87

Left Rudder T70# + 108 79

Right Rudder n 75

Left Elevator " 80

Right Elevator " ?7'

*While this tension was slightly above specification value
the tension was not altered.

The force required to engage the control locks was found to vary
from 42 to 43 1bs. The handle travels a total of 57° from the

unlocked to the locked pésition. The surface locks are fully locked

within the final degree of travel. Unlocking motion of the cam
commences within 5.5 to 6.25° unlocking travel of the operating
handle. |

The system sustained the 50# proo® handle locad without permanent
distortion of eny part.
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18045 - View of Cockplt Loading
Fixture Showing Method of Determining

Elevator “ontrol System Friction
under Loade




18047 « Yiew showing Method Used
to apply a Hinge Moment on the
Elevator or Elsvator Trim Tab ‘‘hrouzh
Y 6 Whiffla Tree Attached to the Trim
Tab.




Used toO

Load on Both Rudders
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18051 -
Apply a =1ice

Simultaneous




Apply @ Forward Lecad on rne Sudder
pedal, Nose section of alrplane
was removed 1O permit tnis vype of

loading.
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18055 « View of Loading Device
Attached to the Rudder Pedsl for App-
lication of ®imulated Brakin Forces

® at the Tlp of the Rrake Pedal, Note
Dial Gages Used to Determine Structe
ural Delfections,
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18158 = View of Cockpit Loading
Fixture Used to Apply Simulated
Aileron Control Wheel Forces. lote
Lurmy Wheel and Quadrant ¥hich
Replaced Pllot's Wheel,




18160 - View showing Installation of
Dummy Allerons on Lett Hand Wing

and method of applying a Down Load
on them,




18162 - Viaw showing Dummy Aflerons
Installed on Right Hana Wing and
¥ethod of Applying an Up load on
Them,




18164 - View of Setup Used to Det-
ermine the Frictlon of the Pulleys
in the Loading System Used During
Some of the Control Systems Tests.




18563 ~ View of Engine Control ped-

ﬁstsl Showing “ontrol System Locking

andle and Method Used to Apply
Load to 1t,
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"NOTICE: When Government or other drawings, speci‘ications ¢
other data are used for any purpose other than in conne¢:ction witl
a definitely related Government procurement operation, the U.S.
Government thereby incurs no responsibility, nor any obligatica
whatsoever; and the fact that the Government may have formulat
furnished, or in any way sugpplied the said drawings, specificatio
or other data is not to be regarded by implication or otherwise a
in any manner licensing the holder or any other persor. or corpo
tion, or conveying any rights or permission to manufacture, use

sell any patented invention that may in any way be related theret
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PROOF AND OPERATION TESTS OF FLIGHT AND TRIM CONTROLS =

MODEL. XC=120 f' /“5 : f: Y ’ ' PARS cosd s
MM, CUTLER; C.S. HUBER 24 JULYY30 80P, ::uoms, DIAGRS,
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